We present the results from a 1.1 mm imaging survey of the SSA22 field, known for having an overdensity of z = 3.1 Lyman-alpha emitting galaxies (LAEs), taken with the AzTEC camera on the Atacama Submillimeter Telescope Experiment (ASTE). We imaged a 950 arcmin 2 field down to a 1σ sensitivity of 0.7-1.3 mJy/beam to find 125 submillimeter galaxies (SMGs) with a signal to noise ratio 3.5. Counterpart identification using radio and near/mid-infrared data was performed and one or more counterpart candidates were found for 59 SMGs. Photometric redshifts based on optical to near-infrared images were evaluated for 45 SMGs of these SMGs with Spitzer/IRAC data, and the median value is found to be z = 2.4. By combining these estimation with estimates from the literature we determined that 10 SMGs might lie within the large-scale structure at z = 3.1. The two-point angular cross-correlation function between LAEs and SMGs indicates that the positions of the SMGs are correlated with the z = 3.1 protocluster. These results suggest that the SMGs were formed and evolved selectively in the high dense environment of the high redshift universe. This picture is consistent with the predictions of the standard model of hierarchical structure formation.
INTRODUCTION
The first deep extragalactic survey at 850 µm undertaken with the Submillimeter Common-User Bolometer Array (SCUBA, Holland et al. 1999 ) on the James Clerk Maxwell Telescope (JCMT) unveiled a population of galaxies in the distant redshift universe that are extremely bright at submillimeter wavelengths (Smail, Ivison, & Blain 1997 , Hughes et al. 1998 , Barger et al. 1998 ). This was followed by several wide surveys at (sub)millimeter wavelengths have been conducted to discover more and more such galaxies (e.g., Greve et al. 2004 , Scott et al. 2008 , Coppin et al. 2009 , Hatsukade et al. 2011 ).
These submillimeter bright galaxies (SMGs) have huge rest-frame far-infrared (FIR) luminosities (LFIR ∼ 10 12 − 10 13 L⊙), which should be caused mainly by highly dustenshrouded star formation and are often indicative of a starformation rate (SFR) of 1000 M⊙/yr. Their flux at submillimeter wavelengths is almost constant for galaxies with a given FIR luminosity at z ∼ 1-10 due to the negative kcorrection. It is hence of great benefit to discover high redshift objects (for review, see Blain et al. 2002) . In addition to their high activity, spectroscopic observations of the millimeter and submillimeter transitions of molecular carbon monoxide (CO) have unveiled the SMGs' large dynamical and gas masses (e.g., Greve et al. 2005 ). This observational evidence shows that SMGs were the most active, massive star forming galaxies in the early universe. The clarification of the SMG nature and formation process is seriously important to understand the galaxy formation and evolution.
As with other galaxy populations, one of the most crucial questions about the SMGs is how their formation and evolution depend on their environment. The current cold dark matter (CDM) cosmological simulations show that the SMGs should preferentially exist in regions where the mass densities are high and, correspondingly, also the merger rates are high (e.g., Springel et al. 2005) . SMGs are also supposed to be progenitors of the massive elliptical galaxies seen in the cores of present-day rich clusters (e.g., Eales et al. 1999) . While the connection between SMGs and massive dark matter haloes has been statistically indicated by clustering analysis (e.g., Blain et al. 2004; Hickox et al. 2012) , the connection in individual cluster/protocluster is still unclear, although previous papers have reported some cases. Capak et al. (2011) and Daddi et al. (2009) reported the discovery of SMGs in overdense region at z = 5.3 and z = 4.05, respectively. These results indicate that the overdense regions might be sites of SMG formation. On the other hand, Chapman et al. (2009) shows that SMGs are formed in less overdence regions at z = 1.99. Thus the environmental dependence on SMG formation is still controversial.
The relationship between SMGs and the surrounding environment is also intriguing from the view point of galaxy formation at (proto)clusters. In the local universe the morphology-density relation has been well-known. Observations have revealed a higher fraction of early-type galaxies in denser environments (Dressler 1980) . This trend has been confirmed for up to z ∼1 universe (e.g., Postman et al. 2005 ). Although this is one of the most established environmental effects on galaxy evolution, it is difficult to examine the relation directly at higher redshifts. Instead, the color-density or color-magnitude relations were examined as proxies. For instance, Kodama et al. (2007) examined the color-magnitude relation in protoclusters and found that the red sequence of galaxies, which is well-established in clusters at least out to z ∼ 1, first appeared at z = 2−3. This suggests that massive galaxies were assembled in protoclusters in this era.
SSA22 is a unique laboratory field to investigate the formation of star-forming galaxies including SMGs in the overdense region. Steidel et al. (1998) first discovered this protocluster as a concentration of Lyman break galaxies (LBGs) at z = 3.09. Furthermore found that the surface density of Lyman alpha emitters (LAEs) was also much higher than that of other fields. Consequently, the wide field survey using Subaru/Suprime-Cam equipped with a narrowband filter (NB497) have revealed a structure which was traced by LAEs and spread over 700 arcmin 2 (Hayashino et al. 2004; Yamada et al. 2012 ). Yamada et al. (2012) evaluated that the degree of overdensity was at most 10 times of the expected standard deviations based on the counts of LAEs at z = 3.1. Hence the SSA22 field can provide us with unique insights regarding galaxy formation in an overdense environment. Several previous works on SMGs discovered by SCUBA and AzTEC/ASTE surveys in this field has been reported. Blain et al. (2004) and Chapman et al. (2005) confirmed three SCUBA SMGs have zspec = 3.1 and these SMGs really lie within the densest region. Tamura et al. (2009) showed that there was an angular correlation between the 15 brightest AzTEC SMGs and z = 3.1 LAEs.
But the lack of redshift information prevents us from investigating this further. Although redshift is one of the essential pieces of information for this purpose, obtaining them has remained a difficult task. Firstly, the typical beam size of the single-dish telescopes used for wide field SMG surveys is insufficient to determine position accurately. In the case of the AzTEC/ASTE survey, we can achieve only ∼ 30 ′′ FWHM. Accurate positions of SMGs could ideally be obtained with a sub-millimeter interferometer, like the Atacama Large Millimeter/submillimeter Array (ALMA; Hills, Kurz, & Peck 2010 ), but such observations are time-intensive over large fields. Secondly SMGs generally tend to be optically faint due to dust attenuation and hence optical observations are often helpless to determine counterpart and obtain redshift information. To overcome such difficulties in searching counterparts and determining redshift, previous works have shown that multiwavelength identification utilizing radio, MIPS (Rieke et al. 2004) , and IRAC (Fazio et al. 2004 ) imaging data is useful (e.g., Biggs et al. 2011; Wardlow et al. 2011; Yun et al. 2012) . If the identified counterparts in these images have an optical to near-infrared counterpart, we can derive a photometric redshift. This is the approach we will follow. We expand the area concerned by Tamura et al. and add photometric redshift information to investigate the relation between SMGs and underlying environment more closely.
The organization of this paper is as follows. In Section 2 we report the general properties of the AzTEC/ASTE survey and the detected SMGs. The utilization of other wavelength data set of this field is presented in Section 3. In Section 4 we describe our analysis used for counterpart identification. The estimation of the photometric redshifts are derived in Section 5. In Section 6 we discuss the relationship between SMGs and the z = 3.1 protocluster. We assume a cosmology with Ωm = 0.3, Ω λ = 0.7, H0 = 70 km s −1 Mpc −1 and all magnitudes are given according to the AB system throughout the paper.
AZTEC/ASTE OBSERVATION

Observations
We used the AzTEC camera operating at 1.1 mm Wilson et al. (2008) mounted on the ASTE 10-m submillimetre telescope (Ezawa et al. 2004 , Ezawa et al. 2008 ) located on Pampa la Bola, near Cerro Chajnantor in northern Chile. The AzTEC camera is a 144-element bolometer array and AzTEC/ASTE provides an angular resolution of 28 ′′ in full width at half maximum (FWHM). All of the AzTEC/ASTE observations of SSA22 were carried out at night in August-September 2007 and August-September 2008. Part of these data were reported in Tamura et al. (2009) and Tamura et al. (2013) . The dry weather at the high site (4860 m in elevation) provided an excellent data set that was taken under τ220 GHz = 0.01-0.10. We mapped a 50-arcmin diameter region centered at R.A. (J2000) = 22h 17.6m, Decl. (J2000) = +0
• 15.0 ′ . Observations were made using the on-the-fly (OTF) mode by continuously scanning the telescope boresight in azimuth and elevation in a modified Lissajous scan pattern, which is described as a function of time t by,
In 2007, we use a scan pattern with
The actual values of a and b are normalized to limit the peak telescope slew velocity to 330 arcsec s −1 . In order to go deeper and wider, we used another scan pattern for the 2008 observations with (A, B, C, D, a, b, f ) = (22 ′ , 22 ′ , 2 ′ , 2 ′ , 6.0, 5.0, 23). The coverage was centered at the same position as those in 2007, but swept a doughnut-like region surrounding the 2007 coverage. The total integrated time on source through 2007-2008 was 74 hr. The area of the co-added map where the noise levels are below 1 mJy was estimated to reach 900 arcmin 2 . The wind speeds during the runs were 1-10 m/s and typically 5 m/s, providing a random telescope pointing offset of < 1 ′′ . The astrometry was checked using a bright quasar 3C446, 5.6 deg away from SSA22, every 1-1.5 hr during the observations. The correction to the telescope pointing model was small (typically < 2 ′′ ) and applied to all scans toward SSA22, resulting in an absolute pointing accuracy better than 4 ′′ (Tamura et al. 2013 ). For flux calibration, beam shape measurements and array flat-fielding, beammaps of Uranus and Neptune were taken at least once, typically twice, a night. The beammaps were made so that each bolometer pixel raster-scans and images the planets. The flux calibration accuracy was estimated to be 10% or better.
Data Reduction
The data were reduced in the standard manner described in Scott et al. (2008) and Downes et al. (2012) , and we mention only the outline here. We employed an atmospheric noise removal technique based on principal component analysis (PCA cleaning) to isolate the low-frequency atmospheric noise from the astronomical signals involved in timestream data. The cleaned time-stream data of each scan were projected into a map by binning them into 3 ′′ × 3 ′′ pixels and the individual scans were coadded into a single map by weighted-averaging. We also generated 100 noise realizations by jackknifing the time-stream data (i.e., by multiplying each 15-s timestream interval by ±1 randomly and then reducing in the standard manner), which were free of astronomical emission and hence represented the underlying photon noises from the atmosphere and instruments. These random maps were used to estimate a "noise map" by computing pixel-to-pixel standard deviations, which represents the local noise level. We also create a weight map by computing an inverse-square of the noise map. Since the PCA cleaning was AC-coupled to the time-stream and hence worked as a high-pass filter (i.e., the resulting map is zero-mean), it attenuated the peak flux and caused negative sidelobes around a source. To correct these effects, we simulated the profile of the point-source response function (a point source kernel) following the method presented in Downes et al. (2012) .
Map and Source Catalog
The resulting 1.1-mm map is shown in Figure 1 . In this paper we consider the area where the weight (i.e., inversesquare of the noise level) is equal to or greater than 30% of the maximum weight as the survey area in this paper. The surface area that AzTEC covered was 0.27 deg 2 , in which the 1σ noise level ranges from 0.7 to 1.3 mJy beam −1 (50% of the region has < 0.8 mJy beam −1 ). The map area corresponds to approximately 60×60 Mpc 2 in a comoving area at z = 3.1, which is large enough to cover the protocluster. The 1.1-mm sources are extracted from the signal-tonoise map, made from the signal map divided by the noise map, with a detection threshold of 3.5σ. Each source position is defined by flux-squared weighting of the pixels of the nominal peak within a radius of 15 arcsec. We detected 125 sources in the 30% coverage area, which are listed in Table  1 . Seventeen 3.5σ sources were detected in the 10-30% coverage area. These are summarized in a supplementary source catalogue (Table 3) .
For a source population whose number counts decrease rapidly with increasing flux density, the measured flux of a low signal-to-noise-ratio (S/N) source can be boosted by random noise. The flux densities of the detected sources are de-boosted to correct for this flux bias using the Bayesian recipe described in Coppin et al. (2006) and Scott et al. (2008) . To compute the posterior probability distribution function (PDF) of the intrinsic flux densities, we simulated a prior distribution function and a likelihood function at each position where the actual source is detected. In order to estimate the prior distribution function, we made 10 would observe with the AzTEC/ASTE kernel according to the best-estimate of the 1.1-mm source counts . By creating a flux histogram across the maps we arrived at the prior distribution function. We approximated the likelihood function with a normal distribution with σ being the local noise level at each source position. The PDF was obtained by multiplying the prior and likelihood functions. The de-boosted flux is then given by the flux that gives a local maximum of the PDF closest to the measured flux. The de-boosted flux and error bars (68% confidence intervals) are also listed in Table 2 .
Characterization of a Map
False Detections
Some fraction of the AzTEC sources were expected to be spurious sources due to positive noise fluctuation, especially
when the source had a modest value of S/N. To estimate the number of such non-real sources in the SSA22 map, we extracted sources from a set of jackknifed noise maps. The standard source extraction procedures were performed for 100 simulated maps within the 30% coverage region. Figure  2 represents the obtained cumulative false detection rate. The computed number of false detections is shown as a function of S/N. At S/N ≈ 3.5, approximately 8 out of 125 sources (6%) were predicted to be spurious.
Completeness
The survey completeness is defined as the probability that a real source will result in a measurement above the detection threshold. To evaluate it, we measured the recovery rate of point sources with known flux densities that were embedded into the signal map. The sources were embedded one at the time, using flux densities ranging from 0.5 mJy to 8.0 mJy. Table 3 . Supplementary catalog of AzTEC SMGs detected in the edge (10-30% coverage) region.
The input positions were selected randomly within the 30% coverage region. To avoid source blending, the area around from a real source (within 20 ′′ ) was not permitted for embedding sources. If an input source was detected within 20 ′′ of its embedded position with S/N ≫3.5, it was approved to be recovered. We performed 1000 trials and found that the survey completeness was 50% at a flux density of 2.75 mJy. Figure 3 shows the differential completeness as a function of flux density. The error bars were calculated assuming a binomial distribution.
Positional Uncertainty
The detected position of a 1.1 mm source is affected by random and confusion noise in the map, which leads to a large positional error. We estimated such positional uncertainty in a way similar to the one in Section 2.4.2. A point source was inserted with known flux density into the SSA22 signal map.
We extracted it using a standard algorithm and measured the distribution of input to output source distances as a function of S/N. We repeated these processes for three sample S/N bins (3.5 S/N<4.5, 4.5 S/N<5.5, and 5.5 S/N <9.0). Figure. 4 shows the probability that a source detected with a given S/N will be found outside a radial distance θ from its intrinsic position.
MULTI-WAVELENGTH DATA AND CATALOGING
We utilized optical-to-radio multi-wavelength imaging data to search for counterparts of SMGs discovered by the AzTEC/ASTE survey and estimated the photometric redshift, though most of these observations did not cover the survey area completely, as shown in Figure 1 . For counterpart identification we employed the VLA 1.4 GHz, MIPS 24 µm, and IRAC 3.6 µm − 8.0 µm data, all described in more detail below. Then, in addition to the IRAC data, the optical to near-infrared photometry data taken with CFHT/MegaCam, Subaru/Suprime-Cam, MOIRCS, and UKIRT were utilized to derive the photometric redshift.
VLA 1.4 GHz
The region centered on the coordinate (RA, Dec)J2000 =(22h17m48.0s, +00
• 17 ′ 13 ′′ ) was observed for a total of 48 hours at 1.4 GHz using the National Radio Astronomy Observatory's (NRAO's) Very Large Array (VLA) in its A and B configurations . Our imaging applied a 50 kλ Gaussian taper to reduce the band width smearing. This produced a well-behaved synthesized beam of 3.0 ′′ × 2.9 ′′ at a position angle of −80 deg. Generally, a root-mean-square (r.m.s.) noise level of ∼ 8.5 µJy/beam was achieved near the phase center and ∼ 20 µJy at 15
′ from the phase center. Unfortunately, the radio map was partly contaminated by remarkable side lobes, which were generated by nearby radio-loud sources. Therefore, to avoid misidentification when cataloguing the radio sources we eliminated areas with a local noise level of 20 µJy/beam in cataloging radio sources. The local noise was estimated using the AIPS task, RMSD, in a 100 ×100 pixel region centered on each pixel. To generate a source catalog and to measure source properties, we used the task of SAD. Finally 40 radio sources were detected with S/N of 4 for 66 SMGs.
Spitzer/MIPS, IRAC
In the SSA22 field, several archival Spitzer near to midinfrared imaging observations are available and IRAC ch1 to ch4 (3.6, 4.5, 5.8, and 8.0 µm) and MIPS ch1 (24 µm) images were obtained through the Spitzer Science Center (SSC) web site. As shown in Figure. 1, the area observed with IRAC and MIPS corresponds to about a half of the area of AzTEC/ASTE. The FWHM of the PSF was 1.7 ′′ , 1.7 ′′ , 1.9 ′′ , 2.0 ′′ , and 6 ′′ , respectively. The source catalogs were generated in two ways. In the case of the MIPS 24 µm data, we extracted sources with S/N 5 and measured the flux densities using the APEX module within the MOPEX software package ver. 18.4.9 (Makovoz & Marleau 2005 ) through point-response-function (PRF) fitting. For the IRAC data, we utilized SExtractor ver. 2.8.6 (Bertin & Arnouts 1996) . We extracted sources that had at least 5 contiguous 0.6 ′′ × 0.6 ′′ pixels with fluxes at least 1.5 times the background noise. Then flux densities were measured in 4.8 ′′ diameter apertures using the IRAF (ver. 2.14) task, APPHOT. Sources at or above the 3 σ corresponding to their local noise were listed up. The representative depth for each band is summarized in Table 4 . The aperture corrections suggested in the IRAC Instrument Handbook were considered for all IRAC catalogs and the flux errors are expected to be within 10 % (Hainline et al. 2009 ). 
Optical to Near-infrared
Optical imaging observations with Subaru/Suprime-Cam (Miyazaki et al. 2002) using five broad band filters (B, V, R, i ′ , and z ′ ) and one narrow band filter (NB497) were obtained by Hayashino et al. (2004) . We also utilized archival CFHT/MegaCam U band data (P.I. L.Cowie) for the same area. Just 21 SMGs were also observed with Subaru/MOIRCS (Suzuki et al. 2008) at J, H, and Ks bands (Uchimoto et al. 2008 , Uchimoto et al. 2012 ). We made a set of photometry catalogs at these wavelengths utilizing SExtractor. We detected sources that had 5 connected pixels above the 2 σ noise level. The flux densities were measured with a 2 ′′ and 1.1 ′′ diameter aperture for U, B, V, R, i ′ , z ′ bands and J, H, Ks bands respectively. We then cut the catalogs to 5 σ, as derived by Hayashino et al. (2004) and Uchimoto et al. (2008) as listed in Table 4 . In addition, the archival J and K band Deep Extragalactic Survey (DXS) catalogs by UKIRT/Wide Field Camera (WF-CAM) (Lawrence et al. 2007 ) are available for all SMGs. These data are shallower than MOIRCS data, but valuable for us since they can supplement the shortage of MOIRCS observations at near-infrared wavelengths.
COUNTERPART IDENTIFICATION
The majority of SMGs that were discovered by AzTEC/ASTE in the SSA22 field had no interferometric observations at submm/mm wavelengths. Only SSA22-AzTEC1 was observed with SMA . In addition, SSA22-AzTEC12 and SSA22-AzTEC77 were confirmed with CO line emission (Chapman et al. 2005) . Therefore, identifying counterparts in images taken at other wavelengths is an essential process in order to determine their accurate position and to investigate their nature. In this work we adopted the methods outlined by Downes et al. (1986) and Ivison et al. (2007) as well as some subsequent works (e.g., Wardlow et al. 2011 , Biggs et al. 2011 , and Micha lowski et al. 2012 ). We utilized VLA 1.4 GHz, MIPS 24 µm, and IRAC 3.6, 4.5, 5.8, and 8.0 µm imaging data. These data have better angular resolution than the AzTEC/ASTE survey. At the same time they are expected to detect SMGs with high probability. VLA 1.4 GHz reaches θFWHM ∼ 3 ′′ . It is well known that active star forming galaxies radiate remarkable radio emission that reflects the degree of star formation activity (Condon 1992) . MIPS 24 µm is also suitable to detect SMGs and while its angular resolution of θFWHM ∼ 6 ′′ is sometimes not enough to identify counterparts alone, it is significantly better than AzTEC/ASTE. Furthermore Yun et al. (2008) Sources which lie within a 2σ positional uncertainty, i.e., within a radius RS from an AzTEC/ASTE centroid position were extracted for each data set. RSs were calculated as functions of S/Ns through Monte Carlo simulations (more details about this process are described in the supplementary information of Tamura et al. 2009 and Hatsukade et al. 2011 ). Then we calculated the corrected Poisson probability ("p-value", hereafter p), the probability of chance association, for all selected candidates. When calculating p, unlike most previous studies, we considered the number density of not brighter than the candidate but all sources in each catalog as well as Yun et al. (2012) to avoid underestimating the p of nearby bright radio and/or mid-IR sources. In this paper, we considered sources with p 0.05 as robust counterparts. Likewise, we have listed also tentative sources (0.05 < p 0.20). In calculating the source surface density, we faced a difficulty in the case of radio data. In order to estimate the p values, we must count what was detected as a source in the actual SSA22 map (i.e., not the real source density). However, terrible side lobes, which are caused by some bright radio objects located near this field, contaminated the 1.4 GHz radio image widely and we could only utilize some patchy regions that had low local noise levels, as mentioned in section 3.1. Thus, it was impossible to estimate source counts for the whole region or for an significant wide submap. Therefore, we sampled small regions randomly across the map to estimate the radio source density. We generated 5000 circle regions having radii of 15 ′′ and counted radio sources within these regions. Contaminated areas that had local noise levels > 20 µJy/beam were excluded.
We found at least one robust counterpart for 19 AzTEC SMGs. We also found only tentative counterparts for additional 40 AzTEC SMGs. The identified objects are listed in Table 5 and the finding charts for the 125 AzTEC SMGs are shown in Figure 5 (and online-material) . The ro- bust success-rates of identifications based on VLA, MIPS, and IRAC color analysis were 11/66 (17%), 11/64 (17%), and 5/61 (8%), respectively. An additional 10, 26, and 21 AzTEC sources have tentative VLA, MIPS, and IRAC counterparts. The tentative identification rates were 10/66 (15%), 26/64 (39%), and 21/61 (32%), respectively. These rates are generally consistent with previous works for other fields. Among them, Yun et al. (2012) provides us with a proper opportunity to compare the results since they also searched counterparts of 1.1-mm-selected SMGs discovered by AzTEC/ASTE in the GOODS-South field and utilized a similar identification method. Their robust (tentative) MIPS and IRAC color identification rates of 8/48(17%) (14/48, 29%) and 5/48(10%) (18/48, 32%) agree with our studies. In the case of radio identification, their estimates of 13/48 (27%) for robust sources and 19/48 (40%) for tentative sources are slightly higher than our rates. The disparity could be caused by a difference in noise levels of the 1.4 GHz maps since our radio map is noisier than their map. Indeed, Barger et al. (2012) reported that all 16 SMGs identified by SMA in a SCUBA selected sample, have radio counterparts utilizing the ultra deep (1σ = 2.5 µJy) 1.4 GHz image obtained by JVLA. They found that 10 out of 16 these SMGs have the relatively low radio flux density (S1.4GHz < 40 µJy).
Therefore surely we missed such faint radio counterparts for a number of SMGs. Recently submm/mm interferometric observations targeting a number of SMGs have been carried out, providing us with the accuracy rate of these "traditional methods". Smolčić et al. (2012) made PdBI follow up campaigns targeting 28 APEX/LABOCA selected SMGs in the COSMOS field and found that just about a half of single-dish SMGs have real radio/IR selected counterparts and >10% SMGs should be comprised of multiple sub-mm bright objects. ALMA observations of 90 SMGs in the CDF-S fields allow us to check answers using more large samples. They reveal that a number of predicted counterpart via radio and/or infrared images are identified by ALMA (∼ 65%), though about 40 % of single dish SMGs have no such predictable counterpart. (Hodge et al. 2013 , Karim et al. 2013 . While these results indicate that statistical approach based on counterpart identification at wavelengths other than (sub-)millimeter is still meaningful, we should note that our counterpart catalog cannot be correct perfectly. Additionally, it has been also reported that a portion of SMGs detected by singledish telescopes are composed of multiple separated sources. For instance, Hodge et al. (2013) reported that 24 out of 69 SMGs detected by LABOCA are multiples based on their ALMA observations. Chen et al. (2013) showed that 3 out of 24 SMGs identified by SMA in a SCUBA-2 sample are multiples. Since the FWHM of the AzTEC/ASTE beam size (30 ′′ ) is about 56% larger than that of LABOCA (19.4 ′′ ) and about twice that of SCUBA-2 (14 ′′ ), multiplicity can be an important factor.
PHOTOMETRIC REDSHIFT
For all AzTEC SMGs in the SSA22 field, spectroscopic redshifts, zspec, are available for only a small subset (5/125, 4%). Here we estimate photometric redshifts of reliable (i.e., both of robust and tentative) SMG counterparts to derive redshift distribution and extract candidate SMGs which lie within the z = 3.1 protocluster. (Chapman et al. (2005) reported that there were 10 SCUBA SMGs which have spectroscopic redshifts in this field. However only 3 out of 10 sources were detected in the AzTEC map with S/N of 3.5. The origin of this inconsistency is still unclear, but incompleteness in the AzTEC map might account for this difference. Indeed most of these sources significantly detected by SCUBA are marginally detected with the AzTEC/ASTE survey (2.5<S/N<3.5). Hereafter we mainly focus on AzTEC SMGs.)
For radio counterparts, their photometric redshifts based on 1.1 mm and radio fluxes were estimated with a Bayesian technique (Aretxaga et al. 2007 ). The results were summarized in Table 7 . Derived redshifts were not restricted very much and therefore we mainly discuss redshifts of counterparts based on the optical to near-infrared photometries.
SED fitting
We performed SED fitting and obtained photometric redshifts using the HYPERZ ver. 1.1 code (Bolzonella et al. 2000) . As shown in Figure. 1, these imaging area does not cover the AzTEC map completely and a significant part of SMGs does not have complete photometric data. This constraint forced us to consider only the area observed by all IRAC channels when deriving photometric redshifts, since these wavelength data are essential to observe characteristic features such as the 1.6 µm bump, which is caused by a minimum in the opacity of the negative hydrogen ion in the atmospheres of cool stars (e.g., Sorba & Sawicki 2010) , and to obtain well-restricted redshift information. It is also difficult to derive photometric redshifts for some radio and/or MIPS counterparts that had no IRAC component. Among these 61 SMGs, 14 SMGs have no reliable counterpart concerning all three identification methods. Two SMGs have MIPS counterparts, but we cannot find corresponding IRAC sources with red color. Therefore the fitting analysis was performed for the remaining 45 SMGs. The photometric catalogs of the U (CFHT), B, V, R, i ′ , z ′ -band (Subaru/Suprime-Cam), J, H, Ks-band (Subaru/MOIRCS), 3.6, 4.5, 5.8, 8.0 µm(Spitzer/IRAC) were considered, while the J, K (UKIRT) catalogs were utilized only for sources that were not observed by MOIRCS. We matched the counterpart catalog with the optical to near-infrared catalogs, using a search radius of r=1.2 arcsec. In fitting SEDs, the following parameters were considered. The range of redshift was set to 0 to 6. Dust extinction is considered with a range of Av = 0 − 5 mag using a bin Figure 6 . Photometric redshifts versus the spectroscopic redshifts from previous works (Matsuda et al. 2005 , Chapman et al. 2005 , Alaghband-Zadeh et al. 2012 . The error bars correspond to a 1σ confidence range. The dashed lines represent z phot = zspec ±0.15(1+zspec). Filled circles show sources that were identified as SMGs. The open circles represent SSA22-Az13a, which has a spectroscopic redshift of 3.1 but is only the most reliable of the tentative counterparts of SSA22-AzTEC13 (see Section 5.2). The upper panel stands for the errors of (z photo − zspec)/(1 + zspec). One outlier at z = 3.1, SSA22-Az13a, is an X-ray source and should be an AGN host (Lehmer et al. (2009 ).
of 0.5 and we adopted the model of Calzetti et al. (2000) . Bruzual A. & Charlot (1993) SED templates of elliptical, Sb, Burst, constant, star-formation (Im) are utilized.
Results
We summarize the derived photometric redshifts in Table  7 . The comparison of spectroscopic and photometric redshifts for SMG counterparts are shown in Figure 6 . A majority of sources, except for Az13a have comparatively small relative errors. Only Az13a has a catastrophic error (i.e., |z photo − zspec|/(1 + zspec) of > 0.15; e.g., Ilbert et al. 2009 ). This source is bright in the X-ray and is supposed to harbor an AGN. Thus, as a whole, the photometric redshifts are consistent with spectroscopic redshift, though only five (candidate) counterparts have spectroscopic redshifts. Figure 7 represents the redshift distribution of 48 counterparts of 45 AzTEC SMGs in the SSA22 field. All robust counterparts that have photometric or spectroscopic redshifts were considered. Three SMGs have two robust counterparts and we utilized both in such cases. For SMGs that have only tentative counterparts, we selected the most reliable counterpart, i.e., the one with the best p color value. In calculating the distribution of redshifts, the spectroscopic redshifts were considered when provided by the sources. In the case of SSA22-AzTEC1a, we adopted the photomet- Table 7 . Redshifts of identified counterparts. Derived photometric redshifts, zp, with the 68% confidence intervals based on optical to near-infrared data are shown. Next column stands for spectroscopic redshifts, zs. The third column, zp(mm/radio), is photometric redshifts with the 68% confidence intervals evaluated using 1.1 mm and radio fluxes (We had not calculated redshifts for SSA22-Az106a and SSA22-Az110a, as these were clearly radio-loud AGN and difficult to apply the code). References are as follows: a) zp = 3.19 +0.26 −0.35 in Tamura et al. 2010 , b) ric redshift using mid and far-infrared data . For the remaining sources without spectroscopic redshifts, we considered photometric redshifts. In the same figure two redshift distributions, obtained previously based on optical to near-infrared data, are also shown. One is the SCUBA SMGs that were identified by radio imaging and have spectroscopic redshifts (Chapman et al. 2005 ) and the other is composed of AzTEC SMGs in the GOODS-S field with optical photometric redshifts ).
We derived a median redshift of z med = 2.4 for AzTEC SMGs in the SSA22 field. It is likely that the distribution of AzTEC SMGs in the SSA22 fields is similar to the ones in the previous two works, though the peak of the distribution is slightly higher than both the SCUBA sources and AzTEC SMGs in the GOODS-S. The shift can be reasonably explained by considering that the longer-wavelength surveys are at an advantage to detect higher redshift SMGs and that the SCUBA SMGs reported in Chapman et al. (2005) were composed of radio source only. Likewise Smolčić et al. (2012) reported more reliable statistics of interferometrically identified SMGs. They performed 1.3mm continuum survey with PdBI of 1.1mm-selected SMGs and derived the redshift distribution of these identified counterparts (their redshifts are also generally derived from optical photometry). The median redshift of 1.1mm-selected SMGs which have photometric redshifts (i.e., not lower limits) is z med = 2.5, which is consistent with our work. However we should note that these distributions might not represent the whole redshift distribution of AzTEC SMGs. It is found that 14 out of 61 SMGs with four-band IRAC coverage (23%) have no reliable counterparts for all diagnostics, which prevents us from estimating their redshifts completely. Some of the SMGs are possibly too faint to detect at such wavelengths since they are at higher redshift (z 4).
LARGE SCALE STRUCTURE
In the SSA22 field, AzTEC/ASTE covered the area where the large-scale structure traced by z = 3.1 LAEs was discovered by Hayashino et al. (2004) . It is expected that a certain fraction of our SMGs found towards the high-density region of LAEs can reside within the large-scale structure. Our estimate of the photometric redshifts allows us to extract can- Figure 7 . Redshift distribution of AzTEC SMGs in the SSA22 field based on photometric/spectroscopic redshifts. 48 counterpart candidates were considered and z med = 2.4. For comparison, we include 36 AzTEC SMGs with optical photometric redshifts ) and 76 radio-identified SCUBA SMGs with spectroscopic redshifts (Chapman et al. 2005) .
didate SMGs at z = 3.1 and to investigate the relationship between SMGs and the large scale structure.
Combining our estimate of the photometric redshifts with spectroscopic and photometric redshifts from literature, the following 10 AzTEC SMGs are listed up as cluster member candidates. Firstly, it has been reported that two SMGs should be at z = 3.1. Az77a was also detected by the SCUBA survey (SMM J221735.15+001537.2). It had CO detection and its zspec=3.098 (Chapman et al. 2005 ). An SMA follow-up observation revealed that Az1a is the real counterpart of SSA22-AzTEC1. Tamura et al. (2010) estimated its redshift to z phot = 3.19 +0.26 −0.35 based on SED fitting in the wavelength range of mid-infrared to radio wavelength range. Secondly, Az13a is not only an IRAC red object, but also a Lyman alpha emitter, and has a spectroscopic redshift of zspec = 3.11 (Matsuda et al. 2005) . Thirdly, we extract 7 sources that could be at z = 3.1 based on photometric redshifts. The uncertainty in the photometric redshifts at z ≃ 3 was estimated as ∆z 0.5 in the case of our data set (Uchimoto et al. 2012 ) and therefore we listed up Az5a, Az14a, Az34a, Az52b, Az80b, Az110a and Az115a since they have the most reliable photometric redshift in the range of z phot = 3.1±0.5. Here we exclude sources that were detected in IRAC channels only (i.e., too faint in the optical range) since we cannot derive well-defined photometric redshifts in such cases. Figure 8 shows the two dimensional distribution of the z = 3.1 candidate SMGs compared with the surface density distribution of LAEs at z = 3.1 (Hayashino et al. 2004 ).
Sky distribution
The area shown in Figure 8 corresponds to a field of view of Suprime-Cam that was called as "sb1" in Yamada et al. (2012) . As is evident from this figure, the z = 3.1 candidate SMGs are concentrated into the overdense region, while the other SMGs are uniformly distributed across the area observed by IRAC. Especially 7 SMGs are concentrated to the "core" region (shown in Figure 8 ) within the central 12 Mpc × 12 Mpc (co-moving), which is the most overdense region of LAEs.
It has also been reported that the density peak of the K-band selected (K-selected) galaxies (KAB < 24) at 2.6 < z phot < 3.6 is consistent with that of LAEs (Kubo et al. 2013) . This supports that these SMGs are at the center of the protocluster. They also found both of dusty star-forming galaxies and quiescent galaxies around the "core" region. The high source surface density of dusty K-selected galaxies within the region supports the reality of the structure traced by SMGs and also implies a high star-forming activity in this overdense region.
As shown in Figure 8 , the "core" region are roughly corresponds to the area named as SSA22a in . Yamada et al. (2012) calculated the degree of overdensity of LAEs for sb1 and SSA22a and furthermore estimated the underlying mass fluctuation assuming the standard ΛCDM model for both regions. They concluded that 10 and 19 times of the average mass fluctuation was derived, respectively. Hence SMGs are likely to concentrate in an area where the underlying mass fluctuation is significant high. Note that this spatial correlation between LAEs and SMGs could not occur accidentally. When 10 sources are randomly scattered in the IRAC field, the probability that more than 3 sources are located within the core region is ≪ 1%.
Regarding the extents of SMGs, there is an intriguing work, Micha lowski et al. (2012) , which reported that there is a clear inconsistency between the redshift distributions of SMGs in the Lockman Hole and UDS fields. They insisted that the large-scale structures in the z = 0 − 5 universe extending from ∼ 0.3 to 0.7 deg could explain the difference reasonably. The extent of the area shown in Figure 8 is ∼ 0.5 deg which correspond to ∼ 50 Mpc at z = 3.1. Therefore our results generally agree with theirs and indicate that the distribution of SMGs could be patchier than their estimate, at least at z ∼ 3.
Cross-Correlation Function
As mentioned above, the sky distribution of the z = 3.1 candidate SMGs suggests that a majority of SMGs are located in the most overdense region at the dozens-of-Mpc scale and that some SMGs lie in relatively less overdense regions. The two-point angular cross-correlation function is useful to evaluate statistically the degree of similarity in distributions between two types of galaxies, in this case SMGs and LAEs. We calculate it in a way similar to the one taken in Tamura et al. (2009) and describe it only briefly here. The angular distances for all pairs between two populations are measured and the incremental quantity within a unit solid angle as a function of angular distance is calculated. At this time, the estimator equation proposed by Landy & Szalay (1993) is utilized. We confine the area so as not to generate artificial positive signals. Hereafter, we will consider the field observed by IRAC (See Figure 7) are considered. Moreover, Figure 8 . Sky distribution of the z = 3.1 candidate SMGs and the large scale structure traced by LAEs at z = 3.1. The background map shows the density distribution of z = 3.1 LAEs (Hayashino et al. 2004) . The contours show the smoothed densities of 0.12, 0.23, 0.35, 0.46, 0.57, 0.69, 0.81, and 0.92 galaxies per arcmin 2 . Superposed orange diamonds (circles) show the z = 3.1 (candidate) AzTEC SMGs. Diamonds are SCUBA SMGs that lie at z = 3.1. The two SCUBA SMGs with blue diamonds were not detected in the AzTEC map (S/N<3.5). SSA22-AzTEC77 was detected by both of AzTEC and SCUBA and therefore shown as the orange diamond. White solid line stands for the area of IRAC ch1 observations. White circles denote the remaining AzTEC SMGs located within the IRAC area. Seven out of 10 z ∼ 3.1 AzTEC SMGs are concentrated in the core region within the 12 Mpc × 12 Mpc square (comoving scale). For reference we also show the area, "SSA22a", named by . the pair which are separated by more than 15 ′′ are excluded to avoid the source confusion effect.
The computed angular cross correlation function between 10 z ∼ 3.1 SMGs and 195 z = 3.1 LAEs is shown in Figure 9 . For comparison, the auto-correlation functions of LAE is also shown. Error bars on the correlation functions were estimated from the root mean square among 5,000 bootstrap samples of the original catalogs. Our results suggest that z ∼ 3.1 SMGs are clustered and that their distribution is similar to that of z = 3.1 LAEs, since we find positive amplitudes of the cross-correlation at angular distances 7 arcmin. We also computed the cross-correlation function between the remaining 51 SMGs covered by IRAC and the z = 3.1 LAEs similarly. In this case it is suggested that the distributions of the two are not correlated. The correlation between SMGs and LAEs in the SSA22 was firstly shown in Tamura et al. (2009) . Though their selection of SMGs was based only on luminosity, they showed a possible correlation between the two samples. Our work confirms the trend that they reported, constraining the photometric redshifts. Consequently, we arrive at a more sophisticated understanding of the correlation: the amplitude of the function is higher and the significance of the correlations is increased.
A similar approach using cosmological hydrodynamics simulations was followed by Shimizu, Yoshida, & Okamoto (2012) . They also calculated the cross correlation function focusing on the z = 3.1 universe in their simulation box, utilizing a code that successfully reproduced the observed source counts of SMGs. They indicated two trends. Firstly, they reported that there is a correlation between the distributions of SMGs and LAEs. Therefore, as a whole, our results are consistent with their simulations and suggest that SMGs selectively reside at relatively massive dark mat-ter halos. The second trend is that the cross-correlation function between SMGs and LAEs has a profile similar to that of the correlation function between SMGs and dark matter halos, as presented in previous works (e.g., Suwa, Hirashita, & Tamura 2010) . The observed amplitudes of the cross correlation function of SMGs and LAEs are, however, much higher than that predicted from the simulation. The reason is not apparent, but one possible interpretation is that in the SSA22 field the degree of mass assembly is much larger than what was assumed in the simulation, and as a consequence the degree of the clustering of galaxies becomes higher.
SUMMARY
We imaged a 950 arcmin 2 field towards the SSA22 field covering a 1σ depth down to 0.7 − 1.3 mJy using the AzTEC 1.1mm camera attached on the ASTE. This survey area corresponds to about 2.5 times of the previously reported area (390 arcmin 2 ) by Tamura et al. (2009) . We detected 125 SMGs with S/N 3.5 and eight out of them are expected to be fake source arising from noise peaks.
We attempted to identify reliable counterparts to 125 AzTEC SMGs utilizing VLA 1.4 GHz imaging, MIPS 24 µm images and IRAC color diagnostics (Yun et al. 2008) . We considered the corrected Poissonian probability, p, to evaluate the degree of chance coincidence. We regarded counterpart candidates as robust counterparts if p is less than 0.05. Additionally sources with 0.05 p < 0.20 were considered as tentative counterparts. We found that 59 SMGs have at least one reliable (i.e., robust or tentative) counterpart considering all diagnostics methods.
We performed SED fitting based on optical to nearinfrared photometry utilizing the HYPERZ code, which provided us with photometric redshifts for 48 counterparts of 45 SMGs, which were all covered by all band IRAC observations. We couldn't find any counterparts for 14 of 61 SMGs that had four-band IRAC coverage. The redshift distribution of the SSA22 field is similar to those of GOODS-S AzTEC SMGs reported by Yun et al. (2012) . These AzTEC SMGs tend to lie at a higher redshift universe than the radio-identified SCUBA SMGs (z med = 2.2 reported by Chapman et al. 2005) . Some AzTEC sources without reliable counterparts may be located at higher-z and would enhance this trend.
We found 10 AzTEC SMGs that possibly are at z = 3.1 based on photometric and/or spectroscopic redshifts. Among them, seven out of the 10 SMGs were concentrated into the core 12 Mpc × 12 Mpc region (comoving scale), which is consistent with the center of the galaxy distribution of the protocluster. Cross-correlation functions indicate that the distribution of these 10 SMGs and that of z = 3.1 LAEs are correlated. These results suggest that SMGs are tend to be formed in extremely high density environments.
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